INTRODUCTION
marrow pathology is difficult because the change of the signal intensity can be similar for fractures with both malignant and benign causes, although fat containing bone marrow of the spine is displaced by tumor cell in the malignant lesion (1, 2) . Diffusion weighted image (DWI) has been proposed as a solution to this problem. DWI is suitable for probing the structure of biologic tissue at a microscopic level and can be used in the differential diagnosis between benign and malignant marrow pathology (3) (4) (5) . 3T MR imaging has the possibility of an almost doubled signal-to-noise ratio (SNR) than 1.5T MR and the possibility of decreased scan times without reduction in quality. Increased SNR can be used to improve contrast or spatial resolution, but the increased effects of the magnetic susceptibility differences of tissues scanned at higher fields can result in signal loss in regions of greater signal de-phasing such as tissue-bone interfaces and tissueair interfaces (6) . Diffusion imaging at 3T MR provides potentially useful information about bone abnormalities in the evaluation of the long bone tumor (7) . To the best of our knowledge, a detailed and organized study concerning DWI of the vertebral body in the evaluation of benign marrow edema and malignant tumor infiltration at 3T MR with comparison to 1.5T MR has not been performed. In this study, we determined whether DWI of 3T MR is superior to 1.5T MR in the differential diagnosis between benign and malignant marrow lesion of the spine. The purpose of this study was to compare apparent diffusion coefficient (ADC) value using single-shot echo-planar imaging sequences (SSH-EPI) at 3T and 1.5T for differentiation of benign fracture edema and tumor infiltration of the vertebral body and assess whether the diagnostic performance of routine MR sequences is improved with the addition of DWI.
MATERIALS AND METHODS

Case Selection
Our Institutional Ethics Review board approved this retrospective study. We retrospectively evaluated consecutive 86 patients with back pain due to trauma or metastatic lesion who underwent diffusion MR through 1.5T or 3T between August 2011 and July 2012. Our study sample included 26 men and 20 women aged 31-85 years (mean 65 ± 12 years) in the 1.5T MRI group and 15 men and 25 women aged 23-87 years (mean 62 ± 16 years) in the 3T MRI group. A total of 46 spine examinations were included in the 1.5T MRI group (23 thoracic, 21 lumbar, and 2 sacral spine examinations), and a total of 40 spine examinations were included in the 3T MRI group (12 thoracic, 23 lumbar, and 5 sacral spine examinations). In the 1.5T MRI group, 23 cases of benign marrow edema combined with a compression fracture and 23 cases of malignant marrow infiltration due to metastasis were included (8 lung cancers, 5 nasopharyngeal carcinomas, 4 hepatocellular carcinomas, 4 renal cell carcinomas, and 2 cholangiocarcinomas). In the 3T MRI group, 19 cases of benign marrow edema combined with a compression fracture and 21 cases of malignant marrow infiltration due to metastasis were included (7 lung cancers, 4 nasopharyngeal carcinomas, 4 breast carcinomas, 3 colon carcinomas, 2 prostatic carcinomas, and 1 cervical carcinoma). Among malignant cases, 2 cases (8.6%) were osteoblastic metastasis in the 1.5T MRI group and 2 cases (9.5%) were osteoblastic metastasis in the 3T MRI group. Other malignant cases were osteolytic metastasis, which were confirmed through plain radiography and CT. Two fellowship-trained musculoskeletal radiologists with 12 and 9 years of experience made the diagnoses in consensus. Patients were considered to have benign marrow edema when they had no evidence of underlying malignancy and no aggravation of the lesion on the follow-up MR for more than 1 year, instead showing fatty change. Seventeen (40%) of total 42 cases of the benign lesion underwent whole body bone scan to exclude the possibility of the malignant lesion such as metastasis. Patients were diagnosed with malignant lesions when they had an underlying malignancy that showed aggravating clinical symptoms without inflammatory symptoms and an aggravating lesion (increased edema size with a paraspinal mass or a newly developed lesion) on the follow-up MR at 6 months or 1 year (3). Vertebral body metastases were confirmed pathologically through surgical or bone biopsy in 5 cases. All primary malignant lesions of the metastatic lesions were also proven pathologically. Patients who underwent vertebroplasty or surgical procedure of spine (2 cases) and patients with spondylitis (pyogenic or tuberculous, 5 cases) were excluded from the study. The spondylitis was defined when the patient showed elevated white blood cell or C-reactive protein count without trauma history and epidural abscess formation with combined discitis. The diagnoses were made by two musculoskeletal radiologists by consensus.
MR Parameters
MR examinations were performed using the same protocol on a 1.5T and 3T MRI scanner (Intera and Achieva, Philips, Best, the Netherlands) using each 8-channel phased-array spine coil. The gradient strengths of each MR were 66 mT/m and 80 mT/m with a slew rate of 80 mT/m/ms and 200 mT/ m/ms, respectively. The sequences and imaging parameters of the standard sagittal spin echo were summarized in Table  1 . Diffusion images were acquired using a multi-slice fat saturation spin-echo type single shot echo-planar imaging sequence in the sagittal plane. The scan covered from lower cervical spine to upper lumbar spine in T spine MR and from lower thoracic spine to upper sacral spine in L spine with field of view of 30 cm. Sagittal DWIs were acquired in the same plane and orientation as used in the routine sequences with an SSH-EPI sequence 
Image Analysis
The signals of the DWI and ADC values were obtained from a region of interest (ROI) placed within the lesion (Figs. 1, 2 ). The size of the ROI was matched to the size of the lesion. The average diameter of the ROI was 7.5 mm (minimum: 4 mm, maximum: 10.4 mm). Two fellowshiptrained musculoskeletal radiologists with 12 and 9 years of experience performed each measurement twice and the average of the two values was used. The diagnostic performances of the routine MR image containing a sagittal T2-weighted fat saturated image and T1-weighted sagittal image and each DWI with an ADC value with a different b value were evaluated. The MR images were interpreted independently by two musculoskeletal radiologists who were unaware of radiologic diagnosis and clinical history. First, the readers evaluated routine MR images of all patients only on 1.5T and 3T MRI. During sessions spaced a week apart, they evaluated routine MR images with additional information of the DWI with b value 400 on 1.5T and 3T MRI, and evaluated routine MR images with additional information of the DWI with b value 1000 in another session at an interval of a week. The readers diagnosed the lesion as benign or malignant based on routine image and DWI, as well as tables of the ADC values that had been acquired during our study. The benign group and the malignant group were interpreted in the randomly selected order. The radiological morphologic criteria to diagnose 
Statistical Analysis
We used chi-square test to evaluate whether the statistical bias exists according to the age and sex. The intra-class correlation coefficient (ICC) was used in the analysis of interobserver agreement between the two radiologists. ICC values < 0.40 indicate poor reproducibility, ICC values of 0.40-0.75 indicate fair-to-good reproducibility, and ICC values > 0.75 indicate excellent reproducibility (9) . The ADC values were calculated to the arithmetic mean and compared using the Mann-Whitney U test and Friedman's two-way analysis. Interobserver agreement of diagnostic performance was analyzed using kappa statistics. The kappa value interpretation was as follows: poor (k ≤ 0), slight (0 < k ≤ 0.2), fair (0.2 < k ≤ 0.4), moderate (0.4 < k ≤ 0.6), substantial (0.6 < k ≤ 0.8), and nearly perfect (0.8 < k ≤ 1) (10). The diagnostic performances of the various imaging methods were evaluated using the sensitivity, specificity, and accuracy for differentiating between benign and malignant pathology, as determined by the use of routine sequences with additional DWIs. The pathologic or clinical findings were used as reference standards. The values were analyzed using the McNemar test. Statistical analyses were performed using PASW software version 18.0 (IBM, Armonk, NY, USA). P values ≤ 0.05 were considered statistically significant.
RESULTS
The distributions of the age and sex were not significantly The mean ADC value of the benign lesions was higher than that of the malignant lesions on 1.5T and 3T (p value < 0.05) ( Table 2, Fig. 3 ). The mean ADC value with a b value of 0-400 was the highest and that with a b value of 0-400-1000 was the lowest on 1.5T and 3T. Although significant differences of ADC values were noted between benign and malignant lesions of both 1.5T and 3T MR (p value < 0.05), significant differences of ADC values were not noted between 1.5T and 3T MR (p value = 0.105-0.897), except for the mean ADC value of benign lesions between 1.5T and 3T with a b value of 0-400 (p value = 0.006/0.031, reader 1/reader 2) ( Table 2 ).
The ICCs of the ADC values showed excellent reproducibility, except for benign lesions with a b value of 0-400 and malignant lesions with a b value of 0-400-1000 on 3T, which showed fair-to-good reproducibility. Interobserver agreement of the diagnostic performance between readers was substantial or nearly perfect (0.689-0.957). The number of false positive and false negative diagnoses by each reader ranged from 1 to 7 for benign and malignant lesions on 1.5T and 3T. There were 7 cases of false negative (i.e., that is diagnosed as benign but proved to be malignant) and 4 cases of false positive (diagnosed as malignant but proved to be benign) on 1.5T; and 7 cases of false negative and 3 cases of false positive on 3T by reader 1 and 5 cases of false negative and one case of false positive on both 1.5T and 3T by reader 2. The number of cases of misdiagnosis with the addition of the DWI was from 0 to 4. There were one false negative and one false positive case on 1.5T with b value 400 and one false negative case and 2 false positive cases on 3T with b value 1000 by reader 1. In addition, there were 2 false negative and one false positive case in 1.5T and 4 cases of false negative and one case of false positive on 3T with b values 400 and one false negative and false positive case with b value 1000 on both 1.5T and 3T. The sensitivity of the diagnostic performance of reader 1 was higher with an additional DWI in both 1.5T and 3T, but the sensitivities were similar with the addition of b values of 400 and 1000 (Table 3 ). The specificities of the diagnostic performances did not show significant differences (p value = 0.340-0.994). The diagnostic accuracies (of reader 1 but not of reader 2) were higher when either of the DWIs (b values of 400 and 1000) was added to routine MR image for 1.5T. Statistical differences between 1.5T and 3T or between b values of 400 and 1000 were not seen (p value = 0.097-1.000) ( Table 4) . Cut off values of ADC for diagnosing malignant compression fracture in 1.5T and 3T MR were described in Table 5 .
DISCUSSION
Although MRI is sensitive in the assessment of metastasis and benign bone marrow pathology, the specificity is low because of similar signal intensity changes (3) . Ancillary findings such as complete replacement of the vertebral body marrow, a paravertebral soft tissue mass, involvement of the posterior elements, and an associated paraspinal mass are suggestive of malignant pathology (3). However, these signs are not detected in all patients, leading to difficulty in assessing the cause of the lesion (5). 3T kjronline.org MR provides an almost doubled SNR, as compared with 1.5T MR thus facilitating decrease in scan times without reduction in quality (6) . DWI involves changes in motion of water molecules and is considered a powerful tool for the differential diagnosis of benign edema and tumorous involvement of bone marrow (11) . Water in vital tumor cells shows lower mobility as a result of cellular structures (12) . In the presence of diffusion sensitizing gradients, it results in a lower signal attenuation compared with the stronger de-phasing of higher mobility extracellular water with extensive signal attenuation. Therefore, extensive signal attenuation (38-52%) can be seen in benign edema, whereas tumor infiltration produces no significant signal reduction (13) . Whether DWI offers an advantage over conventional MR for the differentiation of benign and malignant pathology in the spine, remains controversial (5, 14) .
The ADC values of the benign lesions were higher than those for malignant lesions with a b value of 0-400, 0-1000 and 0-400-1000 on both 1.5T and 3T (Table 2) . Nevertheless, some overlap between the ranges of the ADC values for benign and malignant lesions was observed. Tang et al. (11) discussed the large overlap between the range of ADC values for benign and malignant compression fractures and suggested b values within a range around 300 as optimal to minimize overlap between benign and malignant lesions. However, Balliu et al. (15) reported that mean ADC value from benign edema (1.9 ± 0.39 x 10 -3 mm 2 /sec) is significantly higher than malignant lesion (0.9 ± 1.3 x 10 /sec. In our study, the difference of ADC between benign and malignant lesion showed consistent statistical significance, irrespective of magnetic strength and b value ( Table 2) , indicating that benign lesion shows higher ADC value than malignant lesion. The ADC values of each lesion were higher on 1.5T than on 3T, with statistical significance only in benign lesions with a b value of 0-400. We are unable to describe the exact etiology of this phenomenon. Nevertheless, ADC value is certainly affected by b value, as well as magnetic field strength (18) . We investigated whether the addition of DWI (b value of 400 or 1000) to the routine MR image influenced the sensitivity, specificity, or accuracy of the diagnostic differentiation between benign and malignant lesions. Our results showed that additional DWIs tended to increase the sensitivity, specificity, and accuracy; however, significance was reached only for accuracies of reader 1 with 1.5T (Tables 3, 4) .
We found poor ICCs for the ADC values at 3T, possibly due to severe image distortions with higher strength magnets. Although 3T MR provides increased SNR compared with lower strength magnets, this increase is at the expense of greater susceptibility to various artifacts due to higher B0 (19) . Furthermore, when a larger b value is adopted, the quality of the DWI is seriously degraded and the SNR decreases (20) . The quality of the DWI decreases greatly when the b value is above 400; consequently, calculation of the ADC value is unreliable due to interference of the apparent background noise (10) .
There are a few limitations to this study. First, most of the diagnoses were based on clinical and radiologic evidence such as underlying malignancy, recent trauma history, or changes on the follow-up MRI. Pathologic confirmation of the marrow pathology was only performed kjronline.org in 5 cases. The second limitation was the small size of the study population. Thirdly, patients with other benign pathology such as spondylitis (pyogenic or tuberculous) were not included in our study.
In conclusion, the ADC values of the benign lesions were significantly higher than those of the malignant lesions on 1.5T and 3T. There was no statistically significant difference in the diagnostic performances when either of the DWIs (b values of 400 and 1000) was added to the routine MR image for 1.5T and 3T.
